The rise of so-called emerging technologies is broadening the way in which students access information and in turn changing the way in which they can interact and the experiences to which they are exposed. Mobile devices are regarded as flexible tools that facilitate access to information in different formats and in any environment. For its part, Augmented Reality is a technique that, through mobile tools, can enhance the globalization of content and access to contextual information in various ways. Together, the globalization of mobile devices and Augmented Reality contribute to an inclusive, equitable, and quality education, as mentioned by the United Nations Educational, Scientific, and Cultural Organization (UNESCO) in goal four on Sustainable Development (Sustainable Development Goals 4 (SDG 4)). This article analyses the binomial Augmented Reality-mobile devices, and takes a conceptual approach to these technological environments, both the technique and the tool, in the context of quality education. To assess the potential of Augmented Reality-mobile devices as a methodological learning resource, a learning unit of Secondary Education is presented in the field of Technology, enriched with different materials related with Augmented Reality.
Introduction
Recent years have seen a deepening of reflection and debate on the universal right to a quality education that gives priority to children. To achieve this goal, education systems must improve in terms of access, resources, the quality of education processes, and, subsequently, of learning outcomes. In addition, it is necessary for education to be relevant and suited to the needs of receivers [1] .
At the curricular level, relevance requires open and flexible designs that can be enriched or adapted at different levels, depending on the educational needs, aptitudes, and interests of students, and the characteristics and requirements of the contexts in which they develop and learn. As pointed out by the United Nations Educational, Scientific, and Cultural Organization (UNESCO) [2] [3] [4] [5] , making learning relevant to all requires a profound transformation of educational practices, transitioning from a pedagogy of homogeneity towards a pedagogy of diversity.
Also, the United Nations (UN) [6] and UNESCO [7, 8] point out that the inequalities, stigmatization, and discrimination related to income level, gender, ethnicity, language, place of residence, and disability affect progress towards Education For All (EFA). Therefore, it is evident that at the heart of this discussion are the huge gaps that persist in educational systems that mainly affect groups and people traditionally excluded, for whom authors such as Thomazet [9] affirm that it is necessary to make (ii) In 1997, Ronald Azuma [19] determined that an AR system has to fulfill three fundamental characteristics: that it combines real and virtual elements, that it is interactive in real time, and that it is registered in 3D.
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Reality-Virtuality Continuum [18] .
Other authors define AR as a technology that makes it possible to generate virtual environments that overlap a real environment in a direct or indirect way, allowing the interaction of reality with the visualization of virtual graphics [20, 21] . This means that the AR has the capacity to fill the gap between the real and the virtual world in a perfect way; this functionality is one of the main characteristics that enables this technique to be applied in a wide range of human activities, education being the most important [22, 23] .
Generally, the superposition of information on the real world is basically aimed at improving the perception that an individual has of the real world by initiating the creation of an interactive experience. Therefore, the fundamental objective of AR is to add more information, that is to say more meaning, to real objects or places [24] [25] [26] [27] , thus improving our understanding of the world that we are observing.
For example, in the science classroom, the teacher can superimpose image data on the textbook that students can visualize through their mobile devices, enabling them to observe with a high level of detail resources that are not generally available in the classroom, such as a turbo generator in a class dealing with energy and its transformation. Similarly, AR may include location data, audio comments, historical contexts, and other forms of content that make a user's experience more meaningful, immersing them in a more intense learning environment [28, 29] .
The potential of AR in education was identified almost from its inception-a system that allows the user in the classroom to manipulate 3D objects and receive information from a real environment is clearly of great relevance in the educational field [19, 30] .
In addition to addressing issues such as those already discussed above, this technology has made it possible for both teachers and students to see information in a real environment that would otherwise be impossible to show, allowing many scientific concepts to be visualized that until now were impossible to illustrate clearly.
The methods used with AR technology in education are usually linked to textbooks and material generated by the teacher, using tools such as computers and/or mobile devices [30] .
AR does not only make the teaching-learning processes simpler, but also makes them more interesting and motivating. Indeed, one of its most frequent uses in education is to complement textbook material or that written and prepared by the teacher. In this sense, there are studies [31] that affirm that students continue to prefer the real book to digital supports because of the advantages they have (ease of transport, robustness, etc.). However, it is still possible to increase and improve these written materials through AR, offering new possibilities for interaction both inside and outside the classroom.
One of the first educational experiences where this technology was incorporated was the Magic Book [32] , where by AR was used to complement the content through the superposition of a virtual content and 3D animations. This augmented book had all the physical characteristics of an ordinary book with the advantage that, through AR, the written story could be represented in a three- Figure 1 . Reality-Virtuality Continuum [18] .
One of the first educational experiences where this technology was incorporated was the Magic Book [32] , where by AR was used to complement the content through the superposition of a virtual content and 3D animations. This augmented book had all the physical characteristics of an ordinary book with the advantage that, through AR, the written story could be represented in a three-dimensional space located on marks or images of the pages, corresponding to the scale established by the authors in Figure 2 . dimensional space located on marks or images of the pages, corresponding to the scale established by the authors in Figure 2 . AR is able to provide the student with contextual learning experiences by providing the possibility to explore and discover the augmented real world with previously inaccessible added information [33] . The educational experience based on AR can be considered far from traditional teaching methods because of the following fundamental characteristics:
(i) Collaborative Capacity: the interaction-collaboration relationship among students is one of the primary objectives of any educational environment [34, 35] . In this aspect, AR will increase the collaborative capacity of the classroom by enabling multiple users to access a shared space of virtual resources. This characteristic is especially important for any educational level, since it allows students to effectively combine numerous ICT tools through AR technology. This system of collaborative work can be further enhanced by integrating services hosting these multimedia resources in the cloud, such Google Drive, Google Classroom, Dropbox, OneDrive, etc. In this way, material is shared and made fully available for use by educators and students, without the need to pay license fees. These resources for non-commercial purposes are known as Open Educational Resources (OER). (ii) Continuous Interaction: from a traditional learning point of view, when two or more students work together in a common space, it becomes a space of communication. In this sense, by applying the appropriate technology we allow students to interact with the real world and the virtual world at the same time. During a master class, the focus is on the blackboard, digital or not; by applying AR technology attention goes beyond the collaborative work center, while the blackboard moves on to a different plane (that is not secondary) [36] . This is one of the pillars of the augmented learning environment, the union of educational technology with traditional resources such as the blackboard or textbook. In addition, by using tools such as mobile devices to carry out this type of activity within AR, students have access at all times and anywhere to these resources, which further accentuates the meaning of continuous interaction through the Mobile Learning or m-learning. The projects developed by UNESCO [37] have shown that mobile devices allow literacy, promote the motivation of students, and improve the possibilities of professional development of teachers and communication between parents and teachers. (iii) Tangibility: generally, AR allows the manipulation of an object through the use of what is known as the Tangible Interface Metaphor [38] . The teaching-learning is improved when physical objects are used, because these objects are not only a representation for students, but also encourage proactive learning through their tangibility. The use and manipulation of physical objects, as well as their semantic representations and their spatial disposition, help students towards the comprehension and learning of certain content with high visual load. AR technology allows us to recreate virtually any physical object, and, through a tangible interface, we can manipulate it to obtain information about and from it, promoting proactive learning. Therefore, AR allows physical resources to be replaced by virtual objects, which represents an AR is able to provide the student with contextual learning experiences by providing the possibility to explore and discover the augmented real world with previously inaccessible added information [33] . The educational experience based on AR can be considered far from traditional teaching methods because of the following fundamental characteristics:
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Inclusive and Equitable Quality Education through AR and Mobile Devices
In accordance with the objective or guiding principle of SDG 4 to "ensure inclusive, equitable and quality education and promote lifelong learning opportunities for all" [2-5], the prize "King Hamad Bin Isa Al Khalifa" [39] recognized ICT for its potential to contribute to educational equity and quality. Assessing the importance of ICT in education, the Director General of UNESCO, Audrey Azoulay, concluded in her closing speech to the 9th edition of the aforementioned prize in 2017, that we must transmit our values and exchange the most innovative and effective pedagogical practices to meet the challenge of quality and accessibility. Thus, if ICTs are also interactive and focus on the students through AR, they can become great allies for reaching the goals of SDG 4.
As regards educational diversity and the concept of accessibility regardless of technical, cognitive, or physical capacities, AR can improve and heighten the information provided. The reason for this is that AR converts learning situations into contextual situations, which can only improve educational praxis [40] .
From the inclusive point of view, such contextual elements need not be exclusively based on information in the form of text, but may also be shown through sounds, videos, texts, images, 3D models, etc. In this way the augmented elements can be adapted so that people with functional limitations can access them. The technology should also be accessible, since accessibility is a right, not an option [41] , and, as indicated above, AR allows access to contextual information in various ways. Therefore, it is important to incorporate contextual elements in the structural design of augmented applications for use in and outside the classroom that have the ability to enhance and increase the quality of learning by producing and distributing constructive content according to individual needs.
However, despite the potential of AR to favor formal and non-formal inclusive education, and despite being a technology with undoubted advantages for students and teachers, it has not yet been used to its full potential [24] .
Another of the main reasons for implementing augmented technology in the field of education is to simplify the learning process. Through AR-based methodologies, a high degree of simplicity cam be achieved, since it allows the assimilation of knowledge and enhancement of skills associated with the visualization of and interaction with different types of digital content superimposed on reality.
Unfortunately, to apply AR in an inclusive environment we cannot simply depend on the undoubted advantages of this technology, and for the technique to be used by all, there are barriers that must be overcome, which may not always be possible.
In the first place, it has to be an affordable technology, which is the main obstacle, and the tools to use this technology are not always available. However, in terms of devices, the "democratization" of their use has made the technology much more accessible.
Indeed, the ubiquity of these devices is changing the way people interact with information and their environment. The continuous improvement in the hardware, accompanied by reductions in price enable students to access a variety of platforms, applications, and learning materials anywhere in the world. In fact, in 2016, the web traffic analysis tool StatCounter [42] reported that more than 50% of web browsing worldwide was done through smartphones and tablets, exceeding for the first time that done through computers. Moreover, the global mobile learning market is expected to grow by 36% annually, from 7.98 trillion dollars in 2015 to 37.6 trillion in 2020 [43] .
Likewise, mobile devices have become access and entry portals to personalized Open Educational Resources OER, facilitating the learning of diverse matters at the rhythm of each user. As if this were not enough, students can also use mobile phones to put into practice the competencies of the 21st century, including communication, collaboration, and content creation. With all this in mind, the importance of the binomial AR-mobile devices in Sustainable Development for the 2030 horizon is evident. Although it is true that most educational centers in developing countries do not have the appropriate tools, facilities, or ICT resources to provide students with practical knowledge, it is no less true that even without economic investment in ICT resources, the global expansion in the use of smartphones will provide one of the most useful means for access to information. In short, our binomial should help ensure sustainable development for the 2030 horizon [2-5].
The Augmented Reality and Mobile Devices Binomial in a Technology Learning Unit
Among the principles of constructivist learning, the role of the teacher as mediator and guide during the process of acquisition and assimilation of knowledge is well known. Considered as the main means for the students' learning, teachers must constantly update their skills to construct appropriate teaching-learning spaces. According to this idea, the teacher has the possibility to introduce the most appropriate variety of content. In this sense, several authors maintain that materials and resources on the screen are the best way for students to understand or memorize since, through an image, students can get more information than from text or a theoretical explanation [44] [45] [46] [47] .
Reflecting what has been said about the creation or production of materials based on visualization, AR permits the written history in any book to be linked to a digital and/or three-dimensional space [48] , which will surely become one of the main aims of publishers, i.e., to start presenting their complementary or support materials in AR (to date normally offered through a Digital Versatile Disc DVD attached to the textbook or digital licenses).
However, as indicated in the previous paragraph and taking into account that the teacher does not necessarily have to follow the textbook, the teachers can generate their own files linked to objects in AR. For this, it is clear that the teacher must have sufficient knowledge to design their own activity sheets or OER work materials in what Del Cerro and Morales [30] call the "Production of Augmented Materials" which should be systematic and sequential.
Subsequently, the work sheets can be read through the camera of a mobile device by means of an application (app). For this purpose, the software "layar" version 8.5 (Layar B.V., Amsterdam, Netherlands) has been used to design and link the digital content in AR (videos, interactive image galleries, 3D models, web links, etc.) through smartphones [49] . Here, by means of the technique "markerless" these are linked to the worksheets generated by the teacher for the learning unit "Energy and its transformation" (Figure 3 ).
Reading the above file through the application "layar" [49] generates three types of augmented materials: an explanatory video of the operation of a wind turbine, a map of the wind farms in Spain, and a 3D image of a wind turbine that the student can analyze with small turns or movements of his smartphone or tablet that generate different views or perspectives of the wind turbine in AR (Figure 4) .
Having generated the worksheets, we turn to assessing the effects on learning after implementing the above augmented files in the Technology learning unit of the Technology subject. Specifically, two 3rd year classes of Obligatory Secondary Education (ESO) were assessed: Group 1 used the augmented material for learning, while Group 2 followed the usual classroom practice. Reading the above file through the application "layar" [49] generates three types of augmented materials: an explanatory video of the operation of a wind turbine, a map of the wind farms in Spain, and a 3D image of a wind turbine that the student can analyze with small turns or movements of his smartphone or tablet that generate different views or perspectives of the wind turbine in AR ( Figure  4) . Having generated the worksheets, we turn to assessing the effects on learning after implementing the above augmented files in the Technology learning unit of the Technology subject. Specifically, two 3rd year classes of Obligatory Secondary Education (ESO) were assessed: Group 1 used the augmented material for learning, while Group 2 followed the usual classroom practice.
The data collection tools used in the research are divided into three sections, as shown in Table The data collection tools used in the research are divided into three sections, as shown in Table 1 . To assess the effect of the two methods, a t-test model was used to compare the averages of the two data samples, the null hypothesis "H0" being that there would be no difference between the scores of the written test of groups 1 and 2, and the alternative hypothesis "H1" being that there would be a difference between the respective scores.
The written test taken by both groups was identical, and was based on the content taught in the learning unit and the normal evaluation standards.
At the end of the experiment, a Likert scale questionnaire was given to the students of group 1 to ascertain the perception of the students concerning their experience. The questionnaire focused mainly on the following points:
(i) The use of AR technology in the teaching-learning processes.
(ii) The contribution of AR tools to the better understanding of the content. (iii) The difficulty of using AR tools and applications. (iv) The memorization of content after implementing the AR techniques.
Data Analysis
The Statistical Package for the Social Sciences (SPSS) for Windows, version 24 (IBM Corp., Armonk, NY, USA) was used for the data analysis of the written tests and questionnaire. An independent t-test was performed on the scores obtained in the written tests of groups 1 and 2 to determine differences between them. Subsequently, descriptive statistical calculations were made for each item of the questionnaire, including the average score, the standard deviation, and the maximum and minimum values. In addition, the Pearson correlation coefficient was used to identify the difference in means between the two learning processes.
Results
The written test was carried out by 56 students (29 in group 1 and 27 in group 2), and all were considered valid for the study, Table 2 . The maximum score for the written test was 10 points, the mean scores of groups 1 and 2 being 7.51 and 4.48, respectively meaning that group 1 showed an improvement of 67.63% over the average scores of group 2, as shown in Equation (1) . Table 3 shows the results of the test for two independent samples. According to the results, the significance value of the Levene test was higher than 0.05. Therefore, the variability in the two Sustainability 2018, 10, 3446 9 of 14 conditions was the same, which shows that the scores obtained by group 1 did not vary significantly compared with those of group 2. Therefore, a variance of equal value is assumed. Figure 5 shows the differences in the scores obtained by students using AR technology as a learning tool and those who had followed a traditional teaching method. The result show that 23.16% of the students who used AR obtained 4-6 in the test, while 26.14% of those exposed to traditional teaching fell in the same range of scores. However, 42.76% of students scored between 6 and 8 with AR, while only 28.13% of students following the traditional teaching method fell within this range. With AR, 28.2% of the students achieved grades between 8 and 10, whereas no student following the traditional teaching method obtained such a high score. In other words, the number of students who scored higher than 6 in the written test was significantly higher in the AR group of students. Of particular note is the difference between the numbers of students from both groups who obtained the highest range of scores. As regards the data obtained from a Likert scale questionnaire, more than 56.92% of the students said they very interested in using of AR as a teaching tool (Figure 6a) , and 27.84% of students said they were satisfied with using AR for content learning. No student disagreed or strongly disagreed with the use of this learning tool. These results reveal the high predisposition of students to use AR tools in the classroom and their motivation. As regards the data obtained from a Likert scale questionnaire, more than 56.92% of the students said they very interested in using of AR as a teaching tool (Figure 6a) , and 27.84% of students said they were satisfied with using AR for content learning. No student disagreed or strongly disagreed with As regards the data obtained from a Likert scale questionnaire, more than 56.92% of the students said they very interested in using of AR as a teaching tool (Figure 6a) , and 27.84% of students said they were satisfied with using AR for content learning. No student disagreed or strongly disagreed with the use of this learning tool. These results reveal the high predisposition of students to use AR tools in the classroom and their motivation. Figure 6b shows students' opinions about the ease of memorizing content through AR. Of the total, 58.62% of students strongly agree that memorizing highly visual content through AR is easy, and 31.03% merely agree with the statement. None of the students disagreed or strongly disagreed with this statement. This result reveals that the use of AR tools was useful for students to understand and memorize the content of the learning unit "Energy and its transformation" in a more effective way. Figure 6b shows students' opinions about the ease of memorizing content through AR. Of the total, 58.62% of students strongly agree that memorizing highly visual content through AR is easy, and 31.03% merely agree with the statement. None of the students disagreed or strongly disagreed with this statement. This result reveals that the use of AR tools was useful for students to understand and memorize the content of the learning unit "Energy and its transformation" in a more effective way.
Discussion
Based on an analysis of the data on the effectiveness of learning through augmented environments, the written tests, and the Likert scale questionnaire, it can be affirmed that the integration of AR in the above mentioned learning unit had significant effects on the learning of the associated content.
First, the written test scores of students who followed a traditional teaching method were significantly lower than the scores of students who had used AR technology. Second, the use of AR in the classroom provided more meaningful learning for students with below-average performance than for high-performing students. The main cause of this disparity would be that the scores of high performing students have limited room for improvement. These data, as part of a broader set of indicators for the Education for Sustainable Development (ESD), serve to promote the comparison of student performance, monitoring, and data collection [50, 51] , in addition to promoting the processes of benchmarking and promoting access to OER through ICT.
However, representing student learning improvements by a written test as an assessment tool may not be appropriate, especially when the main objective of AR technology is to help students develop problem-solving and exploration-based skills in research rather than cognitive memorization. AR technology provides a new cognitive method and it is hoped that through visualization and interaction with the medium, it will have a more lasting effect on the memorization of content by students [44] [45] [46] [47] .
We are aware that there are still barriers to the equal access to ICT, which cannot be overcome simply by technologies such as AR. We urge that in national plans to fulfill SDG goals, specific objectives to bring about equal access to and use of ICT be supported by programs with sufficient funding to ensure that groups that are socially or economically disadvantaged are not excluded. National policies and strategies in the field of ICT should concentrate on its potential and ensure that institutions and educational programs have adequate resources (through Open Educative Resources), and that a sufficient number of teachers qualified in ICT be available for implementation.
Lastly, from a social point of view, it is the governments of countries that should value practices that encourage real and durable sustainable development. The main aim of the UNESCO SDG4-Education 2030 Commission is to formulate recommendations for the educational community concerning the priorities and key measures necessary to fulfil the objectives set out, follow and encourage adequate funding for the same, and coordinate activities that favor the execution of SDG4.
Conclusions
As regards the usability of AR tools in the classroom, it is clearly a user-friendly technology, with an intuitive interface and a high degree of interactivity. In general, AR technology provides for the integration of proactive learning in the classroom, improving assimilation and access to content. However, mention should be made of the difficulty that the production of augmented materials entails for a large part of the teaching profession, possibly due to the lack of initial training in practical applications with ICT. Whatever the case, in reality there is no such difficulty, simply a lack of knowledge, because the production of augmented materials is systematic and sequential.
Therefore, research in ICT towards Education for Sustainable Development should be considered as one of the key disciplines in education, especially in the field of continuing education for teachers [52] . Numerous studies [53] [54] [55] [56] indicate the importance of strengthening ESD within teacher training competences, and it is considered essential that teachers carry out training and lifelong learning activities. They should be offered continuous support and be provided with the incentives and professional motivation needed to promote the use of ICT with the aim of increasing the quality of learning within the framework of ESD.
It is worth highlighting the relevant role of ICT as a strategy in the sustainable development of society in favor of quality and the relevance of learning. For this, we must prioritize inclusive access to digital devices and resources, especially through Open Educational Resources (OER) as in the case of the augmented materials developed for this research. In this sense, educational administrations should support research and pilot studies to take advantage of emerging technologies such as AR, in order to transform education systems, make access to learning opportunities more equitable, and facilitate the provision of intelligent, individualized, and adapted learning services [57] .
AR is a technology that for the reasons we have seen is beginning to be introduced into the education system. As an educational technology, if applied in an appropriate way, together with a contextualized methodology, it can be very useful not only to facilitate the teaching-learning process, but also to make activities more interactive, motivating, and interesting.
Likewise, AR technology favors the elimination of barriers for those with special educational needs. This leads us to consider the need to continue research and support this technology, which, if used in an appropriate way, will provide the possibility of improving the skills and access to information of all people. AR can help achieve sustainable development through the SDG 4, one of the goals of which focuses on "ensuring that all students acquire the knowledge and skills necessary to promote sustainable development" [2] [3] [4] [5] .
Finally, it should be noted that mobile devices have become the main tool for instantaneously accessing information in different formats, and their use throughout the world is expanding rapidly [42, 43] ; this fact, together with AR technology, combine to form a binomial that will help guarantee an inclusive education process, seeking equality and quality and facilitating learning throughout life. In short, an inseparable binomial to guarantee sustainable development to meet the 2030 horizon. 
